Introduction: The mechanism of pathogenesis of pituitary adenomas is still unknown, and it shows differences in pituitary cells of different origin. The aim of our study was to analyse the gene expression profile of pituitary hormones and their precursor genes: PRL, GH, POMC, TSHb, LHb, FSHb, and CGA by QPCR in particular types of pituitary adenomas, and to evaluate the results in the context of sample selection for microarray studies. Material and methods: Analysis of the gene expression profile was performed in 84 samples of pituitary adenomas, by real-time quantitative PCR (QPCR). Results: As expected, expression of GH gene was significantly higher in somatotropinomas than in prolactinomas (p<0.05). For POMC gene we noticed lower expression in all pituitary adenomas, except adrenocorticotropinomas (p<0.05). In the case of PRL gene, the highest expression was observed; PRL+ adenomas were in third place. LHb and FSHb genes showed the highest expression, respectively, in LH-producing and FSH-producing pituitary adenomas; however, our analysis did not show statistically significant differences between LH-producing and FSH-producing adenomas. Conclusions: Our study showed that GH is a characteristic gene for somatotropinomas. We drew a similar conclusion for POMC gene and adrenocorticotropinomas. However, the results that we obtained for PRL, TSHb, LHb, FSHb, and CGA genes indicate that evaluation of gene expression is not sufficient for classification of particular subtypes of pituitary adenomas. (Endokrynol Pol 2016; 67 (2): 148-156)
Introduction
Pituitary tumours are relatively frequent intracranial tumors and constitute a very interesting model: they share the properties of well-differentiated endocrine tumors, which are able to secrete hormones, characteristic for the cell of origin and the ability for invasive growth, characteristic for neoplastic cells [1] . Among pituitary adenomas there is a wide variety of phenotypes: from hormone-producing tumours to non-functioning adenomas. Most functioning pituitary adenomas secrete prolactin (~40%) [2] [3] [4] , about 20% secrete growth hormone [5] , ~10% secrete corticotropin [1, 3] , ~10-15 % secrete glycoprotein hormones (LH, FSH) [1] , and less than 1% secrete thyrotropin [6] . The other pituitary adenomas (~5%) are negative for hormone secretion, and these are referred to as immunohistochemically negative (null adenomas) [7] . Pituitary tumours have been classified in different ways. The oldest classification was based on cellular characteristics using haematoxylin and eosin stains on resected tissues; however, this classification did not take into account clinical symptoms or hormone production by the adenoma. With the advent of immunohistochemical tests, tumours are now classified according to the characteristic hormone staining and electron microscopic changes. This classification is in general agreement with the reported clinical signs and symptoms. Currently, this is the main way to distinguish different types of pituitary tumours. However, it is expected that in the future, molecular and genetic techniques will also be applied. At the present time, microarray studies are a powerful method for global analysis of gene expression profile, opening up new horizons in molecular systems. In the case of pituitary adenomas there is still little specific knowledge about the gene expression profile differentiating particular subtypes of pituitary tumours.
In our study we focused on one of the crucial steps of microarray studies: sample selection. For this purpose, we used real-time quantitative PCR (QPCR), which is the most common method for fast, accurate, sensitive, and cost-effective gene expression analysis in many samples concurrently. It generates high-quality data without the requirement of additional validation, and it is applied to validate data obtained by higher throughput technologies such as microarray.
The main goal of our study was to analyse the gene expression profile of pituitary hormones and their precursor genes: PRL, GH, POMC, TSHb, LHb, FSHb and CGA by QPCR in particular types of pituitary adenomas, and to evaluate the results in the context of sample selection for microarray studies.
Material and methods
The study was approved by the Ethics Committee of Maria Sklodowska-Curie MSC Cancer Centre and Institute of Oncology in Gliwice.
Patients
The studied group of consisted of 84 patients operated on for pituitary adenoma with application of endoscopic transnasal transsphenoidal approach (ETTA) in the Department of Neurosurgery of the Medical University of Silesia, Poland. There were 41 women and 43 men. The mean age was 53.2 years (18-70 years) for the female subgroup and 52.7 years (20-77 years) for men. In 10 cases, tumours had increased features of invasiveness, i.e. the presence of tumour cells in samples of dura obtained during the surgery, in histopathological examination. Moreover, all aforementioned tumours infiltrated lateral walls of the sella, so they were classified as III or IV degree in Knosp's Classification of Cavernous Sinus Invasion. In six cases surgical resection was performed as a reoperation. In all of the aforementioned six cases surgery was the first reoperation.
Tumours
The analysis of gene expression was performed in 84 samples of pituitary adenomas, collected with the cooperation of the Department of Neurosurgery of the Silesian Medical University in Katowice. Fragments of pituitary adenomas were taken intraoperatively and stored in RNA at 4°C. All adenomas were histopathologically verified. As judged by postoperative immunohistochemistry (IHC), there were 13 GH+, 26 PRL+, 8 ACTH+, 5TSH+, 11 LH+, 5 FSH+ and 16 null adenomas (with negative immunohistochemistry toward the previous hormones). The percentage of TSH-positive adenomas in the study group was relatively high compared to published data; however, we collected so many tumours intentionally because we wanted to analyse the gene expression level also in rare functional pituitary adenomas. Moreover, using a smaller group of TSH+ pituitary adenomas in statistical analysis might have led to biased results in this analysis.
The GH+, PRL+, ACTH+ and TSH+ adenomas were grouped as functional adenomas (FA) due to the clinical symptoms caused, while LH+, FSH+, and null adenomas were described clinically as non-functioning tumours (NFA).
Isolation of RNA
Total RNA was extracted from homogenised frozen tissue using Mini Kits (Qiagen GmbH, Hilden, Germany).
RNA quantity was measured by NanoDrop ND-1000 (Thermo Scientific, Wilmington, DE, USA) minispectrophotometer, and the quality was estimated by Agilent 2100 using RNA 6000 Nano Assay (Agilent Technologies, Santa Clara, CA, USA). RNA integrity, assessed by RIN index, was within the 4.5-9.1 range.
cDNA synthesis
cDNA was synthesised from 500 ng of total RNA by Omniscript Kit (Qiagen GmbH, Hilden, Germany), with a mixture of oligo-dT and random nonamer primers (Sigma-Aldrich, ST. Louise, USA) and 10U RNAse inhibitor (Fermentas Thermo Fisher Scientific, Walthman, USA). The reaction was carried out at 37ºC for one hour.
Quantitative real-time reverse transcription-PCR (QPCR)
Analysis of gene expression was performed by real-time quantitative PCR with the use of fluorescent probes from the Universal Probe Library (Roche, Basel, Switzerland). Amplicons were designed using a web-based application (www.roche-applied-science.com/sis/rtpcr/upl) ( Table I) . QPCR was carried out in a 96-well optical reaction plate using an ABI Prism 7700 Sequence Detection System (Applied Biosystems). Five microlitres of template cDNA (equivalent to 500 ng of total RNA) were added to 15 µl of PCR reaction mix containing 10 µl TaqMan Universal PCR Master Mix (Life Technologies, Carlsbad, CA, USA), 1 µl forward and reverse primers (200 nM), 1 µl probe (100 nM), and water. Thermal cycling condition were as follows: 50°C for two minutes (incubation and activation AmpErase UNG), 95°C for 10 minutes (activation AmpliTag Polymerase DNA), 95°C for 15 seconds (denaturation), and 60°C for one minute (annealing and extension). Every sample was examined in duplicate. The standard curve, used in experiments, was prepared from serial dilutions of human reference RNA (Stratagene, La Jolla, CA, USA). Expression of the examined genes was normalised to the reference index, obtained by calculation of the geometric mean of the reference genes expression: ACTB, EIF3S10, ATP6V1E, UBE2D2, B2M, and GUS B.
Statistical analysis
geNorm application software for Microsoft Excel was used to identify the most stable reference gene under the described conditions, and to determine the optimal number of reference genes required for reliable normalisation of QPCR data. 
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To determine between-group differences, we used Mann-Whitney nonparametric test. Differences were considered significant at p < 0.05. The fold change was calculated by dividing medians of expression.
Results
The results of the analysis for each gene: PRL, GH, POMC, TSHb, LHb, FSHb and CGA were presented in the form of a report showing the raw data: Ct value and the relative of the template, which was read from the standard curve. The expression of the investigated genes was normalised with relation to a reference index, obtained by calculation of the geometric mean of expression of reference genes: ACTB, EIF3S10, ATP6V1E, UBE2D2, B2M, and GUS B. The comparison was performed in particular types of pituitary adenomas: FA/ /null, PRL+/GH+, PRL+/null, GH+/null, GH+/ACTH+, ACTH+/null, LH+/FSH+, LH+/null and FSH+/null. We observed significant differences in gene expression in particular types of pituitary adenomas (Table II) .
PRL gene
The highest expression of PRL gene was observed in pituitary adenomas, which were GH+ in the IHC study; PRL+ adenomas were in the third place. We observed also that expression of PRL gene was the lowest in FSH+ adenomas. When we compared all functional adenomas (FA) with immunohistochemically-negative adenomas (null) PRL gene showed 3.5x higher expression in FA; however, the difference was not significant.
GH gene
In a comparison of GH+ and other groups of functional adenomas we observed significantly higher expression of GH gene in the GH+/PRL+ comparison (3674×≠; p = 0.005) (Fig. 1A) . Expression of GH gene was also significantly higher when we compared immunohistochemically-negative adenomas (null) with GH+ adenomas (23618×≠; p = 0.002) (Fig. 1B) and PRL+ adenomas (6×≠; p = 0.015) (Fig. 1C) .
POMC gene
The expression of POMC gene was similarly low in all pituitary groups except adenomas, which were ACTH+ in the IHC study. Significant differences were observed in the comparison of ACTH+ and null adenomas (32×≠; p = 0.01) (Fig. 2) .
TSHb gene
For TSHb gene we observed higher expression in TSH+ adenomas than PRL+, GH+, and FSH+. What is interesting is that we observed also an increase in TSHb gene expression in LH+ adenomas, and the difference between TSH+ and LH+ was not significant. Analysis of particular groups of adenomas showed significant differences only for comparison of TSH+/null (3×≠; p = 0.04) (Fig. 3A) and LH+/null (3.25×≠; p = 0.038) (Fig. 3B) .
LHb gene
The highest expression of LHb gene was observed in LH+ adenomas, and in second place were PRL+ adenomas. However, our analysis did not show significant differences between LH+ and FSH+ adenomas.
FSHb gene
In the comparison of all groups of pituitary adenomas the highest expression of FSHb gene was noticed in FSH+ adenomas. The difference of expression level was significant only for comparison of FSH+/null (28×≠; p = 0.006) (Fig. 4) .
CGA gene
In the case of CGA gene the highest expression was observed in LH+ adenomas, while the lowest was in GH+ adenomas. Expression of CGA gene was on a similar level in TSH+ and FSH+ adenomas. We did not observe significant differences in comparisons of: FSH+ and LH+ adenomas, FSH+ and TSH+ adenomas, and TSH+ and LH+ adenomas. Gene CGA was significantly overexpressed in LH+ adenomas in comparison to null adenomas (13×≠; p = 0.0008) (Fig. 5 ).
Discussion
One of the first results of a microarray study in pituitary adenomas was published by Evans et al. in 2001 [8] . In recent years researchers have used this high-throughput technique to compare gene expression between normal tissues and pituitary adenomas, and identified many genes associated with particular tumour types [9] [10] [11] [12] [13] [14] [15] .
Our study was intended to evaluate gene expression of pituitary hormone and their precursor genes: PRL, GH, POMC, TSHb, FSHb, LHb, and CGA in particular types of functional and non-functional pituitary adenomas using QPCR technique.
In most cases we obtained results that were consistent with the secretory status of the adenoma subtype. However, comparison of our results with other published studies is rather difficult because of the methods we used. Generally, pituitary adenomas are classified in immunohistochemical tests [16, 17] , and molecular techniques are not used. We found confirmation of our results in a studies by Evans at al. [8] and Morris et al. [9] , in which gene expression profile was analysed by microarray in different types of pituitary adenomas 
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(normal pituitary, PRL+, GH+, and ACTH+). For PRL gene these analyses showed, in comparison to normal pituitary, overexpression in PRL+ adenomas (fold change 2.9×; 3.7× respectively), underexpression in non-functional adenomas (fold change 31.3×; > 10× respectively), ACTH+ adenomas (fold change 10.7×; 2.4× respectively), and in GH+ adenomas (fold change 2.2×; 4.5× respectively). In our study PRL gene showed the highest expression in pituitary adenomas that secreted GH, and prolactinomas were in the third place. Our comparison of all functional and immunohistochemically-negative adenomas showed 3.5× higher expression in FA; however, the difference was not significant. The results indicate that PRL gene is not a characteristic gene for prolactinomas.
In the case of GH gene we observed higher expression in GH+ adenomas in comparison to other groups of pituitary adenomas. According to our expectations, this gene was significantly overexpressed in GH+ adenomas when we compared it with PRL+ (3674×) and also with immunohistochemically-negative adenomas (23618×). Our results are consistent with the results of Evans and Morris, who showed overexpression of GH gene in somatotropinomas in comparison to normal pituitary (2× and 9.6×, respectively) and underexpression in prolactinomas (2.2× and 10×, respectively), corticotropinomas (2.8× and > 10×, respectively), and nonfunctional adenomas (31.3× and > 10×, respectively). Our obtained results confirm that GH is a characteristic gene for GH+ adenomas. We drew a similar conclusion for POMC gene, expression of which was low in all pituitary adenomas except adrenocorticotropinomas. We observed the same trend in the study of Morris. POMC was the most highly expressed gene in ACTH+ adenomas, whereas its expression was lower in GH+ (> 10×), PRL+ (> 10×), and non-functional adenomas (> 10×). Based on the results, we confirm that POMC is a characteristic gene for adrenocorticotropinomas.
Another gene which we analysed was TSHb encoding b subunit of TSH. We showed that its expression was higher in TSH+ adenomas than in PRL+, GH+, and FSH+ adenomas, but we did not observe statistically significant differences between groups of functional adenomas. When we compared particular groups of pituitary adenomas with null adenomas we observed significantly higher expression of TSHb gene in TSH+ (3×) and LH+ (3.25×) adenomas. We noticed a similar direction in the above-mentioned studies [8, 9] . TSHb and 2×, respectively), GH+ (23× and 3.6×, respectively), and in non-functional adenomas (2.4× [8] ). Although the differences in LHb and FSHb gene expression were noticeable between particular types of pituitary adenomas our analysis did not show statistically significant differences between LH+ and FSH+ adenomas.
The last CGA gene codes alpha subunit of glycoprotein hormones which is common for FSH, LH, and TSH. In our study we did not observe significant differences in CGA expression in particular types of pituitary adenomas that produce glycoprotein hormones.
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